INTRODUCTION
Recently, serious debates have focused on methane (CH 4 ) emission by living plants and plant communities under aerobic conditions (Keppler et al. 2006 Butenhoff & Khalil 2007; Dueck et al. 2007; Beerling et al. 2008; Cao et al. 2008; Kirschbaum & Walcroft 2008; Wang et al. 2008) . Although some field observations pointed to evidence of aerobic CH 4 emission from plants (Cao et al. 2008) , these studies did not consider the changes (i.e. soil moisture and soil temperature) caused by environmental treatments, which may control CH 4 fluxes by regulating methanogenesis and oxidation processes (Pearce & Clymo 2001; Zhuang et al. 2007 ). Therefore, plant-derived CH 4 emission is still questioned because limited evidence of the chemical mechanism has been identified to account for the process McLeod et al. 2008; Vigano et al. 2008; Messenger et al. 2009 ). Using a closed, opaque chamber technique, we conducted an experiment with four treatments during the growing seasons of 2007 and 2008 to examine the hypothesis that abiotic (i.e. soil moisture and soil temperature) rather than biotic (i.e. alpine vegetation) factors resulted in the difference in CH 4 consumption between plots with vegetation and plots with bare soil.
MATERIAL AND METHODS
The study site was the same as the alpine Kobresia meadow studied by Cao et al. (2008) Fluxes of CH 4 were measured weekly inside opaque, static, stainless steel chambers using the methods of flux calculation described by Ma et al. (2006) . CH 4 concentrations of gas samples were analysed by gas chromatography (HP Series 4890D, Hewlett Packard, USA) within 24 h. The fluxes of CH 4 between 9.00 a.m. and 11.00 a.m. local time were used to represent 1 day's average flux as described by Cao et al. (2008) .
During each gas-sampling occasion in 2007, soil temperature was measured using digital thermometers in situ at 5 cm depth in all plots. The volumetric soil moisture (%) at 5 cm depth was measured during both 2007 and 2008 using time domain reflectometry (CS615) for each plot to calculate the water-filled pore space (WFPS):
where BD is the soil bulk density and PD is the soil particle density. A general linear model repeated-measures define factors procedure (SPSS 12.0, SPSS Inc., Chicago, IL, USA) was used to assess the significance of the impacts of experimental year, sampling day, treatment and their interaction on soil water content, soil temperature and CH 4 fluxes, treating the experimental year and sampling day as within-subject variables within similar sampling dates for two years. For each measured variable, the significant difference between treatments was assessed by one-way ANOVA and least significant difference. Pearson's correlations were calculated between soil temperature and WFPS and CH 4 fluxes. All significances mentioned in the text were at 0.05 level.
RESULTS (a) Environmental changes
Soil WFPS was affected significantly by treatment, sampling date, year and their interaction (table 1). The average soil water content for both years in the bare soil plots (31.8 + 1.0%) was significantly lower (by approx. 24%) than in the native, natural alpine meadow and naturally restored alpine meadow plots, whereas higher (by 11%) than in the oat plots. The average soil temperature at 5 cm soil depth was not significantly different between all treatments during the study period in 2007 (data not shown).
(b) Methane consumption rate The effect of different land-use (treatment effect) on CH 4 consumption rate for every sample date was not significant for either year (table 1) . However, multiple comparison analysis between mean values for each sampling period showed significant differences in CH 4 consumption rate between native, natural alpine meadow and oat plots in 2007, and between native, natural alpine meadow and oat and bare soil plots in 2008 (electronic supplementary material). CH 4 consumption rate in 2007 increased with an increase in soil temperature at 5 cm depth (figure 1a). However, increasing WFPS significantly decreased CH 4 consumption (figure 1b).
(c) Methane emission by alpine communities Our study showed that bare soil plots were a net sink for atmospheric CH 4 These results seem to support the apparent conclusion that the intact Kobresia meadow emitted CH 4 as reported by Cao et al. (2008) . However, the response of CH 4 consumption is very sensitive to changes in soil moisture and temperature in the field. In our study, we calculated a regression equation between CH 4 consumption rate and soil WFPS and soil temperature in 2007, which was: (b) Effect of soil temperature and moisture on CH 4 consumption Removal of roots from soil often alters its physicochemical characteristics, which are of critical importance for CH 4 uptake (Smith et al. 2000) . Soil temperature measured on nine occasions in 2007 varied between 7 and 248C and was linearly correlated with soil WFPS (r ¼ 20.45, p , 0.01) in all treatments. Our study showed a clear positive relationship between CH 4 consumption rate and soil temperature for all treatments (figure 2a). Probably, when fewer soil pores are waterfilled, more atmospheric CH 4 could diffuse into the soil and reach methanotrophic micro-organisms, which might respond positively to the temperature increase (Pearce & Clymo 2001; Zhuang et al. 2007) .
In our study, CH 4 consumption appeared to increase linearly with decreases in soil moisture (figure 2b). We found that the response of CH 4 consumption to soil moisture was greater in 2008 than in 2007 (the slopes of the regression equations between CH 4 consumption rate and WFPS were 1.04 and 2.27 in 2007 and 2008, respectively) . This may have resulted from more drought in 2008 than in 2007, which would limit the diffusive transport of methane through the soil gas phase when soil moisture is high (King 1997; Castaldi & Fierro 2005) . In these soils, where gas diffusion represents the main controlling factor of CH 4 oxidation, soil water content is of critical importance in determining the potential of the ecosystem to be a CH 4 sink (Striegl 1993 ).
(c) Effect of solar radiation on CH 4 emission Many studies show that solar radiation stimulates some CH 4 emission from plant foliage (Keppler et al. 2006 McLeod et al. 2008; Vigano et al. 2008; Messenger et al. 2009 ), whereas the study of Cao et al. (2008) reported methane emissions from whole plants in plots when compared with bare soil. Our method showed, however, that the CH 4 production was different from that reported by Cao et al. (2008) . In this study, we observed a new explanation for the apparent methane emissions reported by Cao et al. (2008) . We used closed, opaque chambers (i.e. without solar radiation available to plants), whereas Cao et al. (2008) used transparent chambers shaded with white plastic (i.e. with some solar radiation available to the plants). The difference between our results and those of Cao et al. (2008) may partially derive from the different experimental methods used to assess CH 4 emissions. However, we also detected that apparent CH 4 emissions may arise from treatments owing to changes in soil temperature and WFPS and do not represent a true vegetation source.
Therefore, the question of aerobic methane production from vegetation in the Qinghai-Tibetan Plateau still remains open. Further studies should evaluate the effects of soil conditions on CH 4 emission by plant communities and the role of solar radiation, which was excluded from our study of the alpine meadow.
